Abstract. The working principle of a novel power-split powertrain was introduced. And then a novel power-split HEB was tested on chassis dynamometer to valid fuel economy and emission reduction. Test results showed that, this system could improve the fuel economy by 34.9%, and improve NOx emission by 23.2%, and PM by 29.4%. From the point of correction method of fuel consumption and emission, compared with Linear regression correction way, the usual correction method (1L fuel consumption =3.02g/kW.h electricity consumption) is not suitable for the correction of fuel consumption. The Linear regression correction way may be not the best method for the correction of emission.
Introduction
Although battery electric vehicles (BEVs) and fuel cell vehicles (FCVs) are widely considered as ultimate solution to environment and energy crisis faced by automotive industry, the importance of the hybrid electric vehicles (HEVs) in this campaign should not be neglected. Especially by now, there is still a long way to go to build enough complete infrastructures to support BEVs or FCVs using as convenient as conventional petrol or diesel vehicles. While it is a different story for HEVs, no more demand than existing infrastructure system and even longer drive distance per fueling make it the best affordable, acceptable, and feasible choice for user to improve fuel economy and reduce emissions. Therefore, HEVs play the crucial role to alleviate the deteriorating trend of air pollution and fuel consumption stress caused by vehicles. This paper proposed a novel dual planetary gears based hybrid system for city bus applications. Fuel economy and emission was improved through implement of an increment control optimal algorithm and dynamic coordinate control. Whole vehicle tests were carried out on chassis dynamometer to valid performance, fuel economy and emission reduction, and the results show the HEB is able to save 40% fuel than comparable regular diesel buses. Figure 1 , is comprise of a diesel engine, two electric motors (EM1 and EM2), two planetary gears (PG1 and PG2) and a combination device of a damper and a locking actuator. The two planetary gears and the combination device are integrated through two axles to function as power split mechanism. The engine is connected to the Carrier (C1) of PG1 through the combination device and input axle (X1). The locking actuator is electrically controlled to engage or disengage the engine from propulsion, that is, the system will work in pure electric mode if engine is disconnected as soon as the locking actuator is released. EM1 is connected with the Sun (S1) of PG1, EM2 is connected with the Sun (S2) of PG2, the Ring (R2) of PG2 is fixed, the Ring (R1) of PG1and the Carrier (C2) of PG2are jointed with the output axle (X2) which is connected to the final drive axle of vehicle.
Work Principle

System Structure
CHS, as described by
Validation Test
Prototype HEB Specification
The prototype vehicle is a 12 meter city bus. The CHS was fixed on the bus chassis. Table 1 gives the specification of the prototype vehicle. 
Test Procedure
The prototype HEB was tested according to the China national standards of test method for fuel consumption of heavy duty commercial vehicle, GB 27840, and energy consumption of heavy duty HEVs, GB 19754. Besides the fuel and energy consumption, emissions are also measured at the same time, which is out of the scope of the two standards mentioned above, and the emission test results are calculated according to the China national standard of Limits and measurement methods for exhaust pollutants from compression ignition and gas fueled positive ignition engines of vehicles (III IV V) GB 17691-2005. Chassis dynamometer was used to carried out the experiment by simulating the vehicle acceleration inertia and road load encountered in real world. A mass flow based fuel meter was used to measure the fuel consumption, and electronic power meter was used to measure the instantaneous voltage and current of battery groups to get the final electronic consumption. A full flow dilution base emission analyzer system was used to get emission result. The test cycle is so called CCBC (China typical City Bus Cycle, Figure 2 ) which was developed on the base of driving data collected from several megacities and took as standard cycle by GB19754. 
Result and Discussion
Test Results of Fuel Consumption
In order to get the final test results of fuel consumption, we used two methods to correct the fuel consumption test results by electric consumption, one was the "usual electric consumption converted into fuel consumption", 1L fuel consumption is equal to 3.02 g/kW. h electric consumption, the other way is the linear regression correction way, which is recommended by SAE J2711. Table 2 showed the test results according to GB/T 19754-2005. Figure 3 showed the fuel consumption test results according to SAE J2711. From table 2, we can find that, FC/100 km calculated by GB/T 19754 was not the same as the results calculated by linear regression correction method. Figure 3 showed that, linearity correlation R 2 was 0.919 and 0.9851 separately, the linear correlation between FC /100km and electrical consumption was marked, and the gas-electric conversion coefficient was not 3.02. For different tests of same vehicle and different test vehicles, the gas-electric conversion coefficient were not fixed, so the fixed value is not suitable for the correction of fuel consumption. The linear regression correction method was taken as the final correction method to get more accurate fuel consumption results. From Figure 4 , the linear correlation between FC/100 km and electrical consumption was non-significant, and the discreteness among three test results for each pollutant was high. The phenomenon that test results for each pollutant affected by power change is not obvious. The linear regression correction method was not suitable for the correction of emission. The average of three test results was chosen as final test results.
Test Results of Emission
Fuel Economy and Emission Reduction
In order to valid fuel economy and emission reduction of this hybrid city bus, a similar traditional city bus was also tested on the chassis dynamometer. For traditional diesel bus, emission of NOx and PM are higher than the other pollutants, so NOx and PM were chosen as research objects in this test. Table 4 showed that, this HEB could save fuel by 34.9%, and bring emission reduction by 23%~30%. 
Conclusion
The application of novel power-split HEB powertrain could bring good effect on energy saving and emission reduction. The test results showed that, this HEB could save fuel by 34.9%, and bring emission reduction by 23%~30%. For HEB, the correction method for fuel consumption and emissions are very important. According to test results of this paper, the linear regression correction method is suitable for the correction of fuel consumption. But for the correction method of emissions, we would do some extra work to find out the better method.
